Publications from the Avon Longitudinal Study of Parents and Children that used empirically derived dietary patterns were reviewed. The relationships of dietary patterns with socioeconomic background and childhood development were examined. Diet was assessed using food frequency questionnaires and food records. Three statistical methods were used: principal components analysis, cluster analysis, and reduced rank regression. Throughout childhood, children and parents have similar dietary patterns. The "health-conscious" and "traditional" patterns were associated with high intakes of fruits and/or vegetables and better nutrient profiles than the "processed" patterns. There was evidence of tracking in childhood diet, with the "health-conscious" patterns tracking most strongly, followed by the "processed" pattern. An "energy-dense, low-fiber, high-fat" dietary pattern was extracted using reduced rank regression; high scores on this pattern were associated with increasing adiposity. Maternal education was a strong determinant of pattern score or cluster membership; low educational attainment was associated with higher scores on processed, energy-dense patterns in both parents and children. The Avon Longitudinal Study of Parents and Children has provided unique insights into the value of empirically derived dietary patterns and has demonstrated that they are a useful tool in nutritional epidemiology.
INTRODUCTION
The derivation of dietary patterns to describe diet, as opposed to investigating individual foods or nutrients, has become popular in nutritional epidemiology. Dietary patterns facilitate the study of the whole diet, recognizing that people consume foods in combination. They complement more traditional methods of examining diethealth relationships, which use individual foods or nutrients. Studies of dietary patterns and a particular disease outcome such as obesity have been largely limited to adults. The cross-sectional studies in adults often report conflicting relationships with disease. 1 Prospective studies in adults have shown more consistent associations 2 ; however, robust evidence from prospective studies for specific determinants of childhood development is limited. 3 Most studies have used data-driven methods, such as principal components analysis (PCA) or cluster analysis, to derive dietary patterns. 4, 5 PCA utilizes correlations that exist between different food groups, identifying linear combinations of foods that are frequently consumed together. Each subject is given a score for every component/dietary pattern that emerges from the data. Cluster analysis assigns individuals into nonoverlapping groups (clusters) based on similarities between their dietary intakes. 6 These groups are mutually exclusive. Some studies have directly compared patterns derived from these 2 methods and found some agreement between them, but in general they give different insights into the diets. 7 Another method of deriving dietary patterns is reduced rank regression (RRR), which uses existing knowledge about disease etiology in combination with exploratory statistics to extract dietary patterns that are likely to be related to a specific disease. 8, 9 It is similar to PCA but has an extra step whereby intermediary (or response) variables known to be associated with an outcome of interest are used to inform the dietary patterns that are extracted. It requires existing evidence about factors associated with the disease under investigation that must be available to use in the analysis.
All 3 methods of obtaining dietary patterns described here were used in the Avon Longitudinal Study of Parents and Children (ALSPAC); the purpose of this narrative review is to summarize the findings of these analyses and compare and contrast the 3 methods within one cohort.
LITERATURE AND STUDY METHODS

Literature
All articles published online by the end of 2013 that derived dietary patterns based on ALSPAC data in children (from age 2 y) and their parents were reviewed. The 24 included articles are summarized in Table 1; 19 used PCA, 2 used cluster analysis, and 3 used RRR. The main dietary pattern method, the dietary data collection instrument, and the focus of each paper are described in Table 1 . Relationships between dietary patterns during pregnancy and childhood outcomes are presented elsewhere. 34 Dietary patterns have also been derived from the ALSPAC data obtained during the infancy of the cohort; these are described in a previous review. 35 
Subjects
The ALSPAC is a birth cohort study that recruited pregnant women resident in 3 health districts of the county of Avon, around Bristol, in southwest England with an expected delivery date between April 1991 and December 1992 (n ¼ 14 541 pregnancies). 36, 37 It was set up to investigate the ways in which genes and the environment, including diet, interact to affect the health, behavior, and development of children. The recruitment area covered the city of Bristol and surrounding towns and villages, including both urban and rural areas, with some industrial areas and some farming communities. Ethical approval for the study was obtained and the study was monitored throughout by the ALSPAC Law and Ethics Committee and the local research ethics committees. The study website contains details of all the data that is available through a fully searchable data dictionary. 38 The cohort was population based and broadly representative, at recruitment, of the population of women with children aged <1 year in Avon. 36 The children (n ¼ 14 062 at birth; n ¼ 13 988 alive at 1 year) have been followed by parental completion questionnaires, educational records, and hands-on assessment at dedicated research clinics. 36 The indicators of socioeconomic background (SEB) of the families at recruitment are shown in Table 2 . These include highest maternal educational attainment, age and housing tenure, ethnicity, smoking status, and prepregnancy body mass index (BMI) of the mothers. When the children were aged 7 years, they were invited to attend annual research clinics where hands-on measurements and tests were undertaken. At this time, an attempt was made to bolster the initial sample with eligible subjects who failed to join the study originally; this resulted in 706 additional families recruited. Therefore, after the age of 7 years the cohort consisted of 14 775 live births with 14 701 children alive at 1 year. Table 2 also shows the SEB of the mothers who completed the food frequency questionnaire (FFQ) for their child at ages 3 and 13 years and that of mothers of children who attended the research clinic and kept food records at age 7 years in comparison with the originally recruited mothers. Table 2 shows that the retained mothers have higher educational attainment, are older, and have more favorable health indicators than mothers whose children did not complete these parts of the study (for all differences P < 0.001).
Food frequency questionnaire
Maternal diet was assessed by an unquantified FFQ sent to the mothers at 32 weeks gestation. 39 Fathers were not contacted directly by ALSPAC. However, mothers were sent relevant paternal questionnaires to be passed on to their partners if they wished; this led to lower completion rates for paternal questionnaires. The pregnancy FFQ was adapted to cover the child's diet at age 3 years and further adapted when repeated in both parents and the child 4 years after the birth of the study child. 12 At this point, some minor modifications to the questions were made as a result of the experience gained from studying this cohort over time. For example, questions about breaded/coated poultry and fish and vegetarian pies were added because these were commonly eaten. Parentally completed questionnaires covering the child's diet were obtained when the child was at the ages 3, 4, 7, 9, and 13 years. The last parentally completed questionnaire asked only about foods provided by the parents to their 13-year-old children; the adolescents themselves were asked to complete a questionnaire about foods eaten outside the home, such as school meals, take-away foods, and canned drinks. 17 This was to ensure that information about the diet was collected from the perspective of both the parent and the child and that the child was not overloaded with questions. Copies of all the questionnaires used are available online. 40 For the majority of foods/drinks, the person was asked to indicate how often the food was consumed currently using the following options: 1) never or rarely; 2) once in 2 weeks; 3) 1-3 times a week; 4) 4-7 times a week; and 5) more than once a day. For foods/drinks normally consumed daily, there were more detailed questions. These included recording how many cups of tea or coffee and the number of slices of bread consumed each day; the usual type of milk (full fat or other) consumed; the usual type of bread (white or brown/wholemeal) consumed; and the usual type of spread (butter or type of margarine or other) used. To apply quantitative meaning to the frequency categories, the data were numerically transformed into times consumed per week as follows: 1) 0; 2) 0.5; 3) 2; 4) 5.5; and 5) 10 times per week. Consumption of tea, coffee, bread, milk, and fat spreads were recorded on a daily rather than a weekly basis. Excluded from the dietary patterns analysis were participants whose FFQ had more than 10 dietary items unanswered. If 10 or fewer items were missing, the assumption was made that the person did not consume the missing items, and each was given a value of 0. No questions were asked about portion sizes; therefore, standard portion sizes 41 tailored to the age of the person being assessed were used for the nutrient estimations. Nutrient intakes were calculated based on the frequency with which each food was consumed and the nutrient content of a portion of that food. 39 A simpler version of the FFQ was administered when the children were aged 2 years 18 ; this covered fewer foods than the later FFQs, and although dietary patterns were derived, it was not adequate to assess nutrient intakes.
Food records
Prior to attending the research clinics, the parents (of 7-year-old children) or the child with parental help (at ages 10 and 13 y) was invited, by post, to record in a structured diary all foods and drinks consumed by the child over 3 individual days: preferably 1 weekend day and 2 weekdays. 42, 43 The participants could choose which days to record, so these were not necessarily consecutive. They were asked to bring the completed diaries to a research clinic, where, at ages 10 and 13 years, the child and accompanying parent were interviewed by a trained nutrition fieldworker who talked through the food record to clarify any uncertainties such as cooking methods and possible missing items. Foods and drinks consumed were recorded in household measures. The food records were transformed into weights and codes linkable to the energy and nutrient content corresponding to each of the foods eaten using DIDO software, developed by the Human Nutrition Research Unit in Cambridge, United Kingdom. 44 When foods were not adequately described, weights were based on portion sizes for similar-aged children from national weighed dietary survey data. 45 Weights were also obtained from manufacturers' information and weights given on packets. Composite foods and recipes that did not have an equivalent in the food tables were broken down into their component parts. The data bank used for the nutrient analysis of the diet records included the 5th edition of McCance and Widdowson's food tables 46 and the supplements to the tables [47] [48] [49] [50] [51] [52] [53] [54] [55] and were updated and expanded to cover all foods consumed. These data were used to generate average daily nutrient intakes and amount consumed of various groups of food/drink. Intakes from dietary supplements were not included in the nutrient calculations. Food records were also collected when the children were aged 5 years using the same methods in a 10% subsample of children in ALSPAC known as Children in Focus. 26 
Misreporting of dietary intake
For the food record data, misreporting of energy intake (EI) was assessed at each age by an individualized method 56 that calculated the ratio of reported EI to estimated energy requirement (EER) (EI:EER). Individual EERs were calculated using equations from an expert consultation report on human energy requirements, t-test comparing women in the original cohort (n ¼ 14 541) with those who completed the food frequency questionnaire for their child at age 3 years (n ¼ 10 137) b t-test comparing women in the original cohort (n ¼ 14 541) with those who completed the food record for their child at age 7 years (n ¼ 7285) c t-test comparing women in the original cohort (n ¼ 14 541) with those who completed the food frequency questionnaire for their child aged 13 years (n ¼ 6173) Abbreviations: BMI, body mass index; FFQ, food frequency questionnaire.
which allow for body weight, sex, and moderate physical activity. 57 A 95% confidence interval (CI) for the accuracy of EI:EER was calculated by taking into account the amount of variation inherent in the methods used to estimate EI and EER. 58 The CI for EI: EER, calculated for the dataset at age 7 years, for example, was 0.79-1.21. Therefore, reports of EI between 79% and 121% of EER were considered to be within the range of normal measurement error associated with estimating EI and EER and were defined as plausible reports. Underreporting was defined as intakes below the cut-off and over-reporting as those above the cut-off. Slightly different cut-offs based on the data were applied at other ages. The amount of under-reporting increased with age (16% at 7 y; 61% at 13 y).
Energy adjustment
Energy adjustment is necessary because energy is highly correlated with most other nutrients and related to body size 59 ; thus, it may obscure underlying relationships with nutrients. The nutrient density of an individual food is the ratio of its nutrient content to total energy content. Nutrient-dense foods provide substantial amounts of micronutrients and energy content that is relatively low; thus, an overall diet that has a high micronutrient content after energy adjustment is more nutrient dense and has a better nutrient profile.
Derivation of food groups
In the PCA and cluster dietary patterns analysis using food record data, all foods and drinks were grouped based on the questions asked in the FFQ. 15 From these data, 95 food/drink groups were obtained; 14 were groups that had not been covered by specific questions in the FFQ but were eaten regularly and, therefore, were important to capture (these include batter and pastry products and sweet spreads). The 95 groups were reduced to 62 by combining some very similar groups (e.g., "citrus fruit" was combined with "other fruit" to form "fresh fruit"), and some groups were removed from the analysis because they were eaten by very few children and were unlikely to contribute to the dietary patterns (e.g., sugar-free confectionery and herbs and spices). For the RRR work, foods were grouped into 46 food groups according to differences in energy density and fat and fiber contents. For example, "fresh fruit" included canned fruit with no added sugar, which has low energy density, whereas "other fruit" included stewed and canned fruit with added sugar (added energy content) and dried fruit, which is energy dense due to its low water content. 26 
Dietary patterns derived by principal components analysis
To perform PCA, all variables were standardized by subtracting the mean and dividing by the standard deviation for each variable. For the FFQ, the variables were the standardized average frequencies at which each food/drink was consumed per week; for food records, several input variables were tested. PCA forms linear combinations of the original observed variables by grouping together correlated variables, thus reducing the size of the dataset by identifying underlying components or patterns within the data. 60 The coefficients defining these linear combinations are called factor loadings and represent the correlations of each food item with that component. The number of components (dietary patterns) that best represent the data is chosen on the basis of the scree plot, 61 the size of the factor loadings, and the interpretability of the resulting patterns. Varimax rotation 60, 62 is applied; this redistributes the explained variance for the individual components and provides a simpler structure, increasing the number of larger and smaller loadings. A component score was created for each person for each of the dietary patterns identified; this was calculated by multiplying the factor loadings by the corresponding standardized value for each food and summing across the food items for each pattern. Each score has a mean of 0, and a high positive score suggests that the dietary pattern well describes the type of diet consumed by that person. Each time a dietary pattern score was derived, the PCA was repeated in 2 randomly selected halves of the dataset to assess the repeatability of the method. In all cases, the results were highly comparable for both the factor loadings and the component scores obtained, justifying the use of the whole dataset in the main analyses. Foods with loadings >0.3 on a component were considered to have a strong association with that component and were deemed to be the most informative in describing that particular dietary pattern. These foods were used to inform the labels assigned to each dietary pattern. The labels are rarely perfect in describing a dietary pattern but are useful in facilitating the reporting of the results. It should be noted that the labels do not represent exactly the same pattern in each group of people or at each time point so are not necessarily interchangeable.
Dietary patterns derived from cluster analysis
Cluster analysis groups individuals into nonoverlapping clusters. 5 Most cluster analysis algorithms do this based on measures of dissimilarity between pairs of subjects. The ALSPAC used the k-means method, 5 whereby subjects are partitioned into clusters that minimize the sum of squares of distances from each subject to the cluster mean. The algorithm was run with 100 different starting clusters and the solution with the smallest sum of squares was chosen. The input variables for the cluster analysis was standardized by subtracting the mean and dividing by the range of the variables. 63 For the FFQ, the input variables were standardized average weekly frequencies of intake of 57 food/drinks groups, whereas for the food records, the input variables were standardized average weights (g/d) consumed for each of 62 food/drinks groups. The reliability of the cluster solutions was tested by randomly splitting the data into halves and performing separate analyses on each half. This procedure was repeated 5 times, and the number of children allocated to each cluster was recorded. The least number allocated to different clusters indicated the most reliable solution. Analyses were run for 2-8 clusters for the FFQ data and for 2-6 clusters for the food record data. The best cluster solution in each case was chosen based on the amount of variation in the sample explained by the clusters, the size and ease of interpretation of the clusters, and reliability of the solution. The labels for the clusters were chosen to reflect the foods consumed in the highest frequency/amount on average in that cluster.
Dietary patterns derived from reduced rank regression
RRR derives patterns that maximize the variation explained in a set of response variables, which are believed to be related to the outcome of interest. In this work, dietary energy density, fiber density, and percentage of EI from fat were selected as intermediate response variables based on evidence of a relationship with obesity, primarily in adults. [64] [65] [66] [67] Dietary energy density was calculated, excluding drinks, by dividing total food energy (in kJ) by total food weight (in g). 68 Percentage of EI from fat was calculated by dividing energy (kJ) from fat by total EI (in kJ) and then multiplying by 100. Fiber density (in g/MJ) was calculated by dividing fiber intake (in g) by total EI (in MJ). Using SAS (version 9; SAS Institute, Cary, NC, USA) and the PROC PLS with RRR method option, 3 patterns were extracted in accordance with the number of response variables included. 26, 27 The pattern that explained the largest amount of variation in the response variables was used in further analyses. RRR was run in the whole sample and separately in boys and girls; the patterns produced had similar factor loadings to those derived from the whole sample. Therefore, factor loadings from the whole sample were used in the analyses. Pattern scores were calculated for each child as a linear combination of all food group intakes in the first pattern extracted. Table 2 shows the SEB distributions at several time points in the study. Maternal educational attainment was assessed using the questionnaire sent out at 32 weeks gestation. Information was obtained on all of the qualifications of the mother; from this information a 5-point scale of highest educational attainment achieved was created using the following categories: no academic qualifications; vocational training (hairdressing, catering, etc.); O-level or equivalent examinations usually taken at age 16 years; A-level or equivalent examination usually taken at age 18 years; university degree. 36 In some analyses, these categories have been further contracted to 3 categories: low, no academic qualification or vocational training; medium, O-level qualifications; high, A-level or degree-level qualifications. Maternal smoking status was assessed by questionnaires sent during pregnancy and infancy. Maternal age at delivery in years was calculated by subtracting the mother's date of birth from the child's date of birth. Housing tenure data were also collected during pregnancy and were categorized as follows: owned or mortgaged; public rented (council or housing association); private rented; and other. Questions on financial difficulties, including difficulty affording food, were derived from questionnaires during pregnancy and the child's infancy and categorized as follows: no difficulty; some difficulty; great difficulty. Mothers were asked to report their prepregnancy weight and height by questionnaire during pregnancy; these values were used to calculate maternal prepregnancy BMI. The numbers of older and younger siblings in the family were obtained by questionnaire annually.
Socioeconomic background
Psychiatric assessment in mothers
At 12 weeks gestation, women were asked whether they had ever had any psychiatric problems, including eating disorders such as anorexia nervosa or bulimia nervosa. 69 Child's intelligence quotient, school attainment, and behavior Intelligence quotient (IQ) was measured using a validated, age-adjusted, shortened version of the Wechsler Intelligence scale for children at age 8 years. 70 In the United Kingdom, there are standards regarding what children should be taught as part of the curriculum at each key stage. 29 Children take national curriculum tests at the end of key stage 1 (aged 6-7 y) and key stage 2 (aged 10-11 y). Key stage scores obtained from the relevant education authorities in the National Pupil Database were matched to the ALSPAC data. For some children, the assessment administered by schools on entry and set by local education authorities when the children were aged 4-5 years were also available.
Childhood behavioral problems were measured using the strengths and difficulties questionnaire (SDQ). 71 This questionnaire was completed by the parents at several ages throughout childhood. The SDQ is split into 5 subscales: hyperactivity, emotional symptoms, conduct problems, peer problems, and prosocial behavior (reverse scored).
Child's eating behaviors
Parents were asked annually by questionnaire about any difficulty they were experiencing feeding their child. The questions covered refusal of food, not eating enough, being choosy about food, and general difficulties with feeding. The answers were the parent's subjective opinion and were not validated. There were also questions about whether the child was vegetarian or on a special diet of any type.
Anthropometric and physical activity measurements
At each research clinic, height was measured to an accuracy of 0.1 cm using a Harpenden stadiometer (Holtain Ltd, Crymmych, Pembs, UK), and weight was measured to 0.1 kg using the Tanita Body Fat Analyser weighing scale (Tanita, West Drayton, Middlesex, UK). At ages 9, 11, 13, and 15 years, the children underwent a whole-body DXA (dual X-ray absorptiometry) scan (Lunar Prodigy DXA scanner; GE medical systems, Madison, WI, USA). The scan provided estimates of total fat mass, lean body mass, and bone mass. Fat mass index (FMI) was calculated by dividing fat mass (in kg) by height (in m x ) to adjust for body size. 72 In order to fully account for the correlation between fat mass and height an optimal power (x) by which height should be raise to create FMI was derived from the data 26, 72 ; this power varied according to the age and sex of the child (e.g., x ¼ 5.3 or 4.2 at age 11 years for boys and girls, respectively). There is no accepted cut-off to define excess adiposity with the use of fat mass, percentage of body fat, or FMI. However, when age-and sex-specific BMI cut-offs from the International Obesity Task Force   73 were used to assess the occurrence of overweight in subjects, a 20% prevalence of overweight was found. For comparability, it was assumed that an equivalent percentage of children could be defined as having excess adiposity; therefore, those children in the top quintile of log FMI were categorized in this way. During the clinic visits, at ages 9, 11, 13, and 15 years, children were asked to wear an Actigraph accelerometer (Manufacturing Technology Incorporated, Fort Walton Beach, Florida) for a period of up to 7 days after the clinic visit. 74 Data extracted from the accelerometers, expressed as the mean counts per minute during the period of wear, provided an objective measure of the physical activity of the child at each age.
Statistical methods
Because this review includes many published articles, it is not practical to list all of the statistical methods used in each. However, descriptive statistics are provided within most of the articles. CIs are shown at the 95% level in all cases. Associations between variables were tested for using various statistical tests: paired t-tests, analysis of variance, and chi-square tests. Regression analyses were carried out after adjustment for major confounders, which depended on the outcome of interest and are described in the text for each study. The main confounding variables used in the various analyses were the indicators of SEB listed in Table 2 . The specific methods for extracting dietary patterns are described above.
RESULTS AND COMMENTARY
Maternal and paternal dietary patterns from food frequency questionnaires using principal components analysis
Dietary patterns using PCA were obtained in the women at 32 weeks gestation during the study pregnancy and again when the study child was 4 years of age. During pregnancy, 5 patterns were obtained, explaining 31.3% of the variation in the data (n ¼ 12 053).
10 Table 3 shows the foods with factor loadings >0.3 on each pattern, the labels applied to the patterns, and the amount of the variance explained by each pattern. The "health-conscious" pattern had the strongest associations with the mother's SEB; higher educational attainment, older age, owner occupancy, not smoking, and being a vegetarian were all associated with higher average scores on this pattern (all P < 0.0001), and being overweight before pregnancy was associated with a lower average score (P < 0.0001). 10 The associations of SEB with the "processed" pattern were opposite those of SEB with the health-conscious pattern, except for maternal prepregnancy overweight, which was unrelated. The "confectionery" pattern was associated with younger maternal age, living in rented accommodation, and not being overweight prepregnancy (all P < 0.0001). The "traditional" pattern showed very little association with SEB. The mother reporting herself to be a vegetarian was associated with a high average score on the "vegetarian" pattern (P < 0.0001).
When the FFQ was repeated 4 years later, some minor changes to the questions (see Methods section) had been made, which changed the foods associated with the patterns slightly (see Table 3 ). 11 Four distinct patterns explaining 25.1% of the variation in the data were extracted. When the pattern scores were divided into quintiles and compared between pregnancy and 4 years postpartum, approximately 40% of those in the top or bottom quintile for the health-conscious and processed patterns during pregnancy remained in that same quintile for that pattern. The weighted kappa for each of the 4 consistent patterns was between 0.31 and 0.27, showing only a moderate amount of agreement between the dietary patterns at the 2 time points. The mean score on the health-conscious pattern decreased, whereas that on the processed pattern increased (both P < 0.0001), suggesting that women were moving toward a more processed dietary pattern. An applied analysis was performed that used the factor loadings obtained from the PCA during pregnancy to calculate the PCA scores on the data obtained 4 years later (to demonstrate any real changes in the original pattern scores). 11 When the stability of the diet was reassessed by dividing the applied scores into quintiles and comparing them to the pregnancy quintiles, the health-conscious pattern scores were relatively stable; however, only 20% of the processed pattern scores remained in the original extreme quintiles. These differences in patterns observed between pregnancy and 4 years postpartum may have been influenced by the presence of children in the household; 46% of the women were first-time mothers at the arrival of the study child so were less likely to have had children in the household during this pregnancy.
At the same time that the women completed the FFQ at 4 years postpartum, they were asked to pass an identical FFQ to their partner to complete; this was used in a PCA to determine dietary patterns in men. 12 Data were available for 4681 men, and 4668 had data from their female partners for comparison. Four dietary patterns explaining 25.9% of the variability of the data were extracted for the men; however, the patterns were slightly different from those found in the women (see Table 3 ). There were strong positive correlations between the matched men's and women's scores on the health-conscious (0.36; P < 0.001) and vegetarian/semivegetarian patterns (0.38; P < 0.001) and a strong negative correlation between the men's scores on the healthconscious pattern and the women's on the processed pattern (À0.48; P < 0.001); other correlations were weaker. 12 The men's educational attainment was strongly positively associated with scores on the health-conscious pattern (P < 0.0001), although not with scores on the Table 3 Foods with high factor loadings on dietary patterns by principal components analysis in adults in the ALSPAC, including women in pregnancy (F1), women at 4 years after the birth of the study child (F4), and men at 4 years after the birth of the study child (M4) other 3 patterns. Men's age was positively associated with scores on the health-conscious pattern but negatively associated with scores on the processed/confectionery pattern. Higher frequency of smoking in men was strongly associated with a lower average scores on the health-conscious pattern. Men who identified themselves as vegetarian had a high average score on the semi-vegetarian pattern, a slightly lower average score on the health-conscious pattern, and low average scores on the other 2 patterns. These results suggest that men in this study who are mostly living within families have slightly different patterns of diet from their female partners.
Dietary patterns from the food frequency questionnaires in childhood using principal components analysis
The first analysis performed in childhood was at age 3 years (n ¼ 10 139) 13 ; at the time of the ALSPAC analysis, no other published study had derived dietary patterns using PCA in childhood. Four dietary patterns were extracted that explain 23.5% of the variation in the data; this is a very similar amount to previous studies in adults. The foods with high factor loadings on the patterns are shown in Table 4 . The most significant SEB variable in explaining differences in dietary pattern scores at age 3 years was maternal education; higher maternal educational attainment was associated with lower average "junk" scores but higher "healthy" and "snacks" scores (all P < 0.0001). 13 Other notable associations were as follows: boys were less likely than girls to have high scores on the healthy and "traditional" patterns (both P < 0.0001); presence of older siblings was associated with higher average scores on the junk and snacks patterns and lower average scores on the traditional pattern (all P < 0.0001); living in public rented housing was strongly positively associated with the junk pattern and negatively with the snacks pattern (both P < 0.0001); having financial difficulty was also strongly positively associated with the junk pattern and negatively with the snacks pattern (both P < 0.0001). All of these associations were independent of each other. These findings suggest that the types of food preschool children eat are influenced by the social environment of the family.
The dietary patterns determined at age 3 years were used in analysis that looked at obesity at age 7 years defined by the 95 th percentile of BMI from the 1990 UK reference data.
14 The initial positive relationship of the junk pattern with obesity was not robust to adjustment to other factors, such as maternal prepregnancy BMI.
14 PCA was performed on the FFQ data collected when the children were aged 4 years (n ¼ 9550) and 7 years (n ¼ 8286). 15 At both ages, 3 dietary patterns best described the diet (Table 4 shows the factor loadings for foods associated with each pattern) and explained 17.6% and 18.2% of the variation of the foods eaten at ages 4 years and 7 years, respectively. The patterns were very similar at the 2 ages and similar to the first 3 patterns found at age 3 years. The SEB factor most strongly associated with the patterns was, again, maternal education, and the relationships were identical to those found at age 3 years. 15 Living in public rented housing and having financial difficulties showed smaller correlations at these ages than they had at age 3 years. Having older siblings was again associated with higher average scores on the processed pattern (P < 0.0001 at both ages), as was having younger siblings at age 7 years (P < 0.0001). Some childhood eating behaviors were assessed in this analysis: if the child was a vegetarian, they were likely to have lower average scores on the processed and traditional patterns and higher scores on the healthconscious pattern at both ages (all P < 0.0001); if the child was considered to be a difficult eater, they had higher average scores on the processed pattern and lower average scores on the traditional and health-conscious patterns at both ages (all P < 0.0001); boys had slightly lower average scores than girls on the traditional pattern (P < 0.0001 at both ages). These analyses suggest that the characteristics of the child as well as the SEB of the family are important in determining the type of diet eaten by the child.
When PCA was performed at age 9 years (n ¼ 8010) 16 the traditional and processed patterns were similar to those at younger ages (Table 4) . However, the health-conscious pattern differed by showing negative factor loadings on meat and poultry (Table 4) ; therefore, this pattern was labeled "health-conscious/ vegetarian."
In light of the similarity between dietary patterns obtained at these 4 ages between 3 years and 9 years, the stability of the patterns over time was assessed. 16 The correlations between scores over time for each of the 3 main patterns (n ¼ 6177 with data at all ages) were reasonable given the large sample size. Correlation coefficients between adjacent ages were larger (0.53-0.69; all P < 0.0001) than when the youngest age was compared with the oldest age (0.35-0.46; all P < 0.0001). The snacks pattern only appeared at age 3 years and was associated with the processed but not traditional or health-conscious patterns at later ages. Comparing the average scores for each pattern at each age, only the processed pattern score increased over time (P < 0.0001). When the data were categorized into quintiles, the highest amount of agreement was between the ages of 4 years and 7 years (weighted kappa values of 0.42, 0.44, and 0.47 for the processed, traditional, and health-conscious patterns, respectively). In general, the amount of agreement was lower for the longer time gaps. Taking these results together shows a gradual evolution of the pattern of eating over childhood, suggesting that assessing diet at only one age during childhood may not be sufficient to characterize the diet. This is further illustrated by the PCA that was performed on the FFQ collected when the children were adolescents (aged 13 y). 17 This FFQ had been split into 2 questionnaires; one given to the parents asking about foods they provide and a second, shorter questionnaire given to the adolescents asking about foods they consumed outside of the home. When the 2 sets of data were combined, four dietary patterns explaining 20.8% of the variation were extracted. The first pattern had high positive loadings for meat, fish, eggs, cheese, rice, pasta, potatoes, vegetables, salad, fruit, pulses, brown/ wholemeal bread, yogurt and dairy-based desserts, puddings, salad dressings, and water with high negative loadings for white bread and coated poultry products. It combined foods associated with both the healthconscious and traditional patterns at previous ages so was labeled "traditional/health-conscious"; this pattern explained 6.6% of the variance. The second pattern was similar to previous "processed" patterns; it explained 6.1% of the variance. The next pattern had high loadings on crisps, biscuits, chocolate, sweets, squash, and carbonated drinks and was labeled "snacks/sweet drinks"; it explained 4.2% of the variance. The final pattern had high positive loadings for vegetarian-style foods (such as meat substitutes, nuts, and pulses) and high negative loadings for meats and was, therefore, labeled "vegetarian"; it explained 3.8% of the variance. This was the first time a recognizably vegetarian-style of eating had been found among the dietary patterns of children, and it followed the semi-vegetarian pattern extracted for the 9-year-olds. Pattern scores were higher, on average, for the traditional/health-conscious and vegetarian patterns for females and as maternal educational attainment increased. 17 For both the processed and snacks/sweet drinks patterns, average scores were higher in males, if mothers were younger or less educated, and when 2 or more older or younger siblings were present. The characteristics of the child were, again, strongly associated with the dietary patterns. In particular, if the child was recorded as being vegetarian by their parents, their average score on the vegetarian pattern was very high; they also tended to have high average scores on the traditional/health-conscious pattern and low average scores on the other 2 patterns. Adolescents whom parents found difficult to feed (refused food, did not eat enough, or were choosy with food) tended to have lower average scores on the traditional/health-conscious pattern and higher average scores on the other 3 patterns. Compared with adolescents who ate a mixture of meal types, those who ate school dinners every day had higher average scores on the traditional/healthconscious and processed patterns and lower average scores on the snacks/sugared drinks pattern; those who ate packed lunches every day had the opposite associations with the dietary pattern scores. These data provide further evidence of the evolution of dietary patterns over time and suggest that the strongest influences on dietary patterns remain maternal educational attainment and child feeding behaviors. However, they also suggest that the type of food provision in schools can influence the pattern of eating.
To complete the series of dietary patterns from FFQs in childhood, a PCA was performed on the data collected when the children were aged 2 years. 18 These data cover the period at the end of infancy and beginning of childhood, and the list of foods covered was shorter than that used at age 3 years and beyond. Three patterns explaining 25.5% of the variance were extracted. The first was labeled "family foods" (12.9% of variance) and was similar to the traditional pattern at later ages; the third was also similar to a pattern found at later ages and was labeled "health-conscious" (5.2% of variance). However, the middle pattern was different from later patterns, with 2 types of foods loading highly on to it: sweet foods, such as confectionery, carbonated drinks, and flavored milks, and easily prepared savory foods, such as crisps, potatoes, baked beans, peas, and soup. This pattern was labeled "sweet and easy"; it explained 7.4% of the variance in the data.
The relationships between SEB and the family foods and health-conscious dietary patterns were very similar to those for the equivalent patterns at later ages. High scores on the sweet and easy pattern were evident with lower maternal educational attainment, living in public rented housing, and presence of older siblings (all P < 0.0001). 18 Higher scores on this pattern were also associated with the family having increasing financial difficulties (P ¼ 0.007). Children who were "very choosy" about foods had lower average scores on all 3 patterns compared with those who "ate anything." This was particularly true for the health-conscious pattern (fully adjusted average pattern score for "very choosy" children compared with the "ate anything" reference group: À0.324 [Standard Error: 0.04]; P < 0.0001). These data covering the whole of childhood show that the relationship between dietary patterns and child and family characteristics are similar at each age.
Dietary patterns from principal components analysis in relation to nutrient intakes estimated from food frequency questionnaires
The first published article from the ALSPAC relating dietary patterns to estimated nutrient intakes used the pregnancy diet and broke new ground in this area of research. 19 It assessed linear correlations between dietary pattern scores and nutrient intakes, both with and without energy adjustment, as well as categorical associations between quintiles of dietary pattern scores and mean energy-adjusted nutrient intakes in each quintile; clear associations were found. In particular, the highest quintile of the processed pattern score was associated with higher EI (difference, 2.5; 95% CI, 2.4-2.6 MJ/d) with higher fat (difference, 7.9; 95% CI, 7.3-8.5 g/d) and lower total sugars intake (difference, À21.6; 95% CI, À23.2 to À20.0 g/d) than the lowest quintile. This was combined with lower intakes of calcium, magnesium, iron, vitamin C, folate, and most micronutrients (all P < 0.0001). The highest quintile on the confectionery pattern score compared with the lowest was also associated with increased energy (difference, 3.1; 95% CI, 3.0-3.2 MJ/d) but with decreased protein (difference, À14.4; 95% CI, À15.1 to À13.8 g/d) and increased total sugars intake (difference, 32.7; 95% CI, 31.0-34.4 g/d), again combined with decreased intakes of most micronutrients (all P < 0.0001). In contrast, the healthconscious and traditional patterns showed much smaller correlations with energy. There were lower fat (difference, $ À5 g/d) and higher protein intakes (difference, !10 g/d) in the highest compared with the lowest quintiles of both pattern scores, along with higher intakes of almost all micronutrients (P < 0.0001). The vegetarian pattern score did not show consistent correlations with the micronutrients, but protein intake was lower in the highest than the lowest quintile of pattern score (difference, À14.1; 95% CI, À15.1 to À13.2 g/d; P < 0.0001).
In the male partners of the ALSPAC mothers and in the study children at each age (3, 4, 7, 9, and 13 y), only linear correlations were calculated; there were many similarities with the associations shown in the women during pregnancy despite slight variations in the patterns found. 12, 17, 20 Scores on the processed/confectionery types of patterns showed the strongest positive correlations with EI, and after energy adjustment, almost all nutrients, except total sugars and saturated fat, were negatively associated. High scores on these patterns, therefore, described energy-dense, nutrientpoor diets at each age. The scores on the healthconscious types of patterns showed the lowest positive correlations with EI and were negatively associated with fat intake. Energy adjustment strengthened the associations with protein, fiber, and almost all micronutrients, showing that high scores on these patterns described nutrient-rich diets. There were moderate correlations between scores on the traditional types of patterns and EI. Adjusting for energy reduced positive associations with protein, fiber, and micronutrients slightly, but on the whole, high scores on these dietary patterns described relatively nutrient-rich diets. This was less evident with high scores on the vegetarian/semi-vegetarian dietary patterns because associations with micronutrients were considerably reduced on energy adjustment.
Before energy adjustment, at least 50% of the variance of many nutrients was explained by the dietary patterns at each age; this was, for the most part, reduced after adjustment for EI. 12, 17, 19, 20 However, for protein, fiber, magnesium, zinc, folate, carotene, and niacin, more than 50% of the variance was still explained at most ages after energy adjustment. Many of these are key nutrients for growth (protein, zinc) 75 and development (iron, folate), 76 and some have been associated with cancer outcomes (fiber, folate). 77 These results suggest that dietary patterns extracted using PCA are able to provide insight into the likely adequacy of whole diets as consumed.
In the analyses relating dietary patterns to nutrient intakes, the energy adjustment had been carried out after the dietary patterns had been extracted. There remained the question as to whether adjusting for EI prior to entering the foods into the PCA would change the results. 21 Using the FFQ collected at 32 weeks gestation, the PCA was performed in 2 ways: the first with the standardized weekly frequencies of the foods consumed (as already described), the second with the standardized frequencies adjusted for EI using the residuals method. 59 When the energy-adjusted foods were used in the PCA, only 4 dietary patterns were obtained instead of the original 5. The processed pattern was lost, and the foods loading highly on this pattern in the unadjusted data now had increased negative loadings on the health-conscious dietary pattern. The other patterns-traditional, confectionery, and vegetarian-had very similar factor loadings on the foods, regardless of whether or not they were energy adjusted. The amount of variance in the data that was explained by the patterns overall was slightly less (adjusted, 26.9%; unadjusted, 32.4%). The 4 remaining patterns were highly correlated between the adjusted and unadjusted versions, and the unadjusted processed pattern was negatively correlated with both the adjusted healthconscious and confectionery patterns. The adjusted pattern scores showed lower correlations with nutrient intakes and explained less of the variance in the data than the unadjusted pattern scores. This was due to a reduction in the variability in the data when energy adjustment was carried out.
The effect of the 2 methods of adjustment on associations between dietary patterns during pregnancy and birth weight were assessed: in both cases, an increase in the health-conscious pattern score was associated with an increase in birth weight (35-40 g increase in birth weight for a 1 standard deviation increase in healthconscious score, regardless of whether energy adjustment was made before or after the PCA). It should be noted that in this analysis many other factors that are known to influence birth weight were not considered. 21 This work suggests that future studies should ideally adjust for energy after the PCA has been performed so that the true effects of energy adjustment can be assessed. Furthermore, some outcomes of interest may have no association with EI, and this may be masked by prior adjustment. 21 Dietary patterns from food records in childhood using principal components analysis An analysis of the data from the food records collected at age 10 years (n ¼ 7473) explored the methodological issue of whether the patterns obtained using PCA would be affected by the type of input variable used to describe the food groups. 22 Four different input variables were used: weight (g/d consumed on average), energy-adjusted weight (using the residuals method), percentage contribution of each food group to EI, and binary (consumed/not consumed). In the first 3 analyses, input variables were standardized before entry in the PCA so that foods consumed in large quantities did not dominate the PCA; this was not appropriate for the binary variables.
The results showed very little difference between the patterns derived from the absolute weights and the energy-adjusted weights of the food groups. 22 Three similar patterns explaining about 10% of the variation were extracted: brown/wholemeal bread, fruit, vegetables, fruit juice, and water loaded highly on the first pattern; meat, roast potatoes, vegetables, and puddings loaded on the second; white bread, crisps, biscuits, and diet soft drinks loaded on the third pattern. When the percentage of energy from the food groups was used, 12% of the variation was explained and a fourth pattern was derived to add to 3 that were quite similar to those above. This fourth pattern had high loadings on reduced-fat milk, breakfast cereal, and biscuits. The main differences in factor loadings were for drinks that provide minimal energy-e.g., water and diet drinks. The results suggest there is no advantage in energy adjustment being applied before the derivation of the dietary patterns (similar to the finding with the FFQ during pregnancy 21 ) and that because using percentage of energy as the input variable eliminates low-energy drinks from the patterns, it leads to unnecessary loss of information.
The use of binary variables in the PCA gave slightly different patterns, which might represent dietary choices and may provide insight into where dietary change could be influenced. Four patterns explaining 17% of the variation were extracted. 22 The first loaded on meat, roast potatoes, vegetables, and gravy. The second loaded positively on brown/wholemeal bread, fruit, cakes, chocolate, fruit juice, regular soft drinks, and water and negatively on diet drinks and roast potatoes. Loadings on the third were positive for white bread, chips, crisps, chocolate, sweets, cakes, biscuits, carbonated sweet drinks, and diet drinks. The fourth had positive loadings on breakfast cereals, reduced-fat milk, margarine, and diet soft drinks but negative loadings on full-fat milk, butter, and regular soft drinks. These possible insights into food choice suggest that further work using binary variables is justifiable.
The associations between body composition at ages 9 years and 11 years and the PCA dietary patterns obtained at age 10 years using the food group weights (g/d) were examined. The analyses explored the differences between boys and girls and between those who were under-reporters of EI and those who were plausible reporters. 23 Three dietary patterns were identified: the first was labeled "health-aware" and had positive loadings on fruit and vegetables, brown/wholemeal bread, pasta, cheese, and fish and negative loadings on chips, crisps, processed meat, and carbonated drinks. The foods that loaded positively on the second pattern, which was labeled "traditional," were meat, roast potatoes, vegetables, batter/pastry products, gravy, and puddings. For the third pattern, which was labeled "packed lunch," the foods with the highest factor loadings were white bread, margarine, cheese, cold meats, savory spread, and diet squash. In this analysis, many of the foods often associated with a processed pattern were negatively loaded on the health-aware pattern.
There were differences in average standardized pattern scores between boys and girls and between plausible reporters and under-reporters. 23 Girls had a higher average score than boys on the health-aware pattern. Under-reporters had lower average scores than plausible reporters for all of the patterns in girls and for the traditional and packed lunch patterns in the boys. Under-reporters of both sexes had higher fat mass and lean mass and were taller, on average, at the ages of 9 years and 11 years than plausible reporters, although they reported lower EIs. The only consistent association between the dietary pattern scores and body composition was in under-reporters, in whom, in both boys and girls, lower average fat mass was associated with higher scores on the health-aware pattern. There was also a trend in this direction among the girls who were plausible reporters, but in the boys, the associations were not robust to adjustment for maternal prepregnancy BMI, smoking during pregnancy, age, and educational attainment (at the time of pregnancy with the study child) or for physical activity (by accelerometer). These results suggest that diet is reported slightly differently between the sexes and by misreporting status when food records are used.
Dietary patterns from food frequency questionnaires and food records in childhood using cluster analysis
Cluster analysis was used to obtain dietary patterns, and the results were compared with those from PCA in the children at age 7 years using the FFQ. 24 The cluster analysis grouped children into mutually exclusive groups that were similar to each other in terms of foods consumed. Whether different cluster solutions were evident in boys and girls was assessed; very little difference was found between the sexes, so they were combined. The 3-cluster solution was chosen as being the most reliable (<0.5% allocated to different clusters), and it explained a reasonable amount of the variation (14.5%). The foods/drinks that were the main discriminators between the 3 clusters were milk (full-fat or low-fat), bread (brown/wholemeal or white), and, to a lesser extent, salad, carbonated drinks, pasta, biscuits, and chips. The "processed" cluster was the largest (n ¼ 4177), with more frequent consumption of white bread, soft drinks, biscuits, chips, crisps, sweets, and ice cream than in the other 2 clusters. The 2 other clusters were of similar size (n ¼ 2065 and n ¼ 2037). In the "plant-based" cluster, children consumed brown/wholemeal bread, low-fat milk, fruit, fruit juice, vegetables, salad, meat substitutes, cheese, fish, pasta, rice, and wholegrain breakfast cereals more frequently than in the other clusters. In the "traditional British" cluster, children consumed more full-fat milk, meat, coated fish, roast potatoes, yogurt, milk puddings, cakes, low-fiber breakfast cereals, chocolate, tea/coffee, and flavored milk than in the other clusters. When comparing the clusters with dietary pattern scores obtained using PCA, the plant-based cluster had a strong positive association with the PCA health-conscious pattern score and a strong negative association with the PCA processed pattern score. The processed and traditional British clusters were much less strongly associated with the PCA scores.
The age and educational attainment of the mother were strongly independently associated with the child's cluster membership. 24 The younger the mother, the more likely the child was to be in the processed cluster. The more educated the mother, the more likely the child was to be in the plant-based cluster. If there were other children in the family, then the study child tended to favor the processed cluster if their siblings were older and the traditional British cluster if the siblings were younger.
Further cluster analysis was performed to assess whether dietary patterns were stable in children longitudinally between the ages of 7 and 13 years. 25 The 3 sets of food records collected at ages 7, 10, and 13 years were used, and the input variables were average weight (g/d) of each food group consumed. In this analysis, a 4-cluster solution was found to be the most interpretable and most reliable at all 3 ages (<10% reclassified at each age). Table 5 shows the mean weights (g/d) of the foods consumed by the children in the 4 clusters extracted at the age of 7 years. 25 There were fairly similar numbers in each cluster at each age, and the first 3 clusters were quite similar to those found from the FFQ at age 7 years. The main contributors to the fourth cluster were margarine, sweet spreads, and diet soft drinks. These foods were better measured in the food records than in the FFQ, where they had not been well differentiated; this may be the reason that this cluster was not found in the FFQ analysis.
Exactly the same foods were associated with the processed cluster at ages 7 (Table 5) , 10, and 13 years, with the addition of higher full-fat milk and lower soup and cake intake at ages 10 years and 13 years and lower breakfast cereals, puddings, and biscuits intakes at age 13 years only. The "healthy" cluster ( Table 5 ) had many of the characteristics of the plant-based FFQ cluster. 25 Again, the foods associated were very similar at ages 7, 10, and 13 years; the only difference was a lower intake of full-fat milk at ages 10 years and 13 years compared with the other clusters.
The traditional cluster showed some differences between the age groups in relative amounts of foods consumed. At age 7 years (Table 5) , the amount of full-fat milk was higher and the amount of baked beans/canned pasta, pizza, and eggs was lower in this cluster than the others. This was not true at ages 10 years and 13 years, although less coated white fish was eaten in this cluster at the older ages. The 13-year-olds in this cluster drank more tea/coffee and ate more chocolate than those in other clusters. This traditional cluster had many similarities to the traditional British cluster in the FFQ analysis.
The fourth cluster extracted at each age from these data ( Table 5 ) was associated with much higher intakes of white bread and margarine, cold meat, crisps, and dilutable diet drinks; foods that are likely to be part of a "packed lunch" in school-aged children. 25 At each age, the average intakes of white bread and margarine were more than twice as high in this cluster than the nearest of the other clusters (e.g., 107 g/d white bread and 20 g/ d margarine in the packed lunch cluster compared with 51 g/d and 8 g/d, respectively, in the traditional cluster at age 10 years). Sweet and savory spreads (salty flavorings) were also higher, as were biscuits; however, butter and some types of fish were lower. At the 2 younger ages, slightly more tea/coffee was drunk by the children in this cluster than by those in the other clusters. A similar packed lunch pattern had been found when PCA was applied to the food records collected at age 10 years but not in the FFQ PCA or cluster analysis in childhood.
The stability of the clusters over the 3 food records kept for the same children at ages 7, 10, and 13 years was examined (n ¼ 4405-5287). 25 The healthy cluster was the most stable, with half of the children in that cluster at age 7 years remaining in it at later ages (see Figure 1 ). The processed cluster was the next most stable, with approximately 40% remaining in that cluster across the ages, whereas the other 2 clusters retained a quarter to a third of the children each time (Figure 1 ). Higher maternal educational attainment was the strongest determinant of whether a child was in the healthy diet cluster at !2 time points (compared with children whose mothers had the lowest educational attainment, those with highly educated mothers were 4.39 times Table 5 Mean (standard deviation) weight (g/d) of foods consumed across clusters for 6837 children at age 7 years with the highest and lowest mean in each row in bold and underlined, respectively 25 with permission.
[95% CI, 3.05-6.35] more likely to be in the healthy cluster at least twice). Children of older mothers rather than younger mothers were also more likely to remain in the healthy cluster, as were girls rather than boys. These data suggest that children introduced to either a healthy or a processed type of dietary pattern by 7 years of age are likely to continue with this type of pattern into adolescence. The cluster patterns provide some useful insights into what a healthy diet might look like in the context of children growing up in the United Kingdom in the early 21 st century, particularly in contrast to a processed diet. 25 At each age, the children in the healthy cluster ate, on average, more than double the amount of fruit (122 g/d at 7 y) than the children in the processed cluster (47 g/d at 7 y), but these amounts did not increase as the children grew older. Similarly, salad vegetables were higher in the healthy cluster (24 g/d at 7 y) than in the processed cluster (7 g/d at 7 y); in this case, intakes in both clusters increased with age to 42 and 14 g/d, respectively, at age 13 years. Crisps were eaten in smaller amounts by the healthy cluster children (13 g/d at 10 y) than the packed lunch cluster children (24 g/d at 10 y). A change in the type of milk consumed occurred in all of the clusters as the children grew older; at age 7 years, amounts consumed were slightly in favor of full-fat milk, but by age 13 years, low-fat milk intake was more than double that of full-fat milk in all clusters. Overall, milk intake was lower at age 13 years than at age 7 years, and the processed cluster children had the lowest intake (157 g/d at 13 y), whereas the healthy cluster children had the highest intake (202 g/d at 13 y). Crosssectional preliminary analysis of the average nutrient profiles of the cluster patterns showed almost identical relationships at each age. In general, the data suggest that the healthy and traditional patterns have better micronutrient profiles than the processed and packed lunch patterns.
Dietary patterns from food records in childhood using reduced rank regression An analysis using RRR was carried out in the Children in Focus subsample of ALSPAC children using food records collected at ages 5 years and 7 years (n ¼ 521 at 5 y and n ¼ 682 at 7 y) and fat mass measured by DXA at age 9 years. 26 The amount of likely misreporting of EI was determined: 72% of children at age 5 years and 73% at age 7 years had plausible reports of EI. The prevalence of overweight was significantly higher among under-reporters; therefore, the analysis included a categorical variable accounting for misreporting status. The "energy-dense, high-fat, low-fiber" dietary pattern obtained was highly correlated with dietary energy density (r ¼ 0.81) and fiber density (r ¼ À0.73) and moderately correlated with percentage of energy from fat (r ¼ 0.49) at age 7 years, with very similar correlations at age 5 years. The foods with the highest factor loadings were similar at each age. The pattern scores tracked strongly between ages 5 years and 7 years (intraclass correlation: 0.66 [95% CI, 0.60-0.71]) suggesting that, for the most part, children with high scores at age 5 years were likely to have high scores at age 7 years. Children whose mothers were in the lowest education group and those who watched television for >2 hours/day (from a questionnaire when the child was 4.5 y old) were more likely 26 There were no associations between quintiles of pattern score at age 5 years or age 7 years and mean BMI or overweight (defined using age-and sex-specific BMI cut-offs from the International Obesity Task force) at ages 5, 7, or 9 years. 26 However, when FMI was used to assess adiposity at age 9 years, there were associations with the dietary pattern score quintiles at age 7 years but not those at age 5 years. Mean FMI was 1.03 (95% CI, 0.70-1.42) in the lowest quintile and 1.17 (95% CI, 0.80-1.61) in the highest quintile of pattern score (P ¼ 0.04), and excess adiposity increased from 13% to 23% (P ¼ 0.01) between these quintiles. In the multivariate model (adjusted for sex, height at 9 y, misreporting status, maternal BMI, maternal education [5 categories], baseline BMI of the child, and child's hours of television watching) a 1 standard deviation increase in pattern score was associated with an increase in fat mass of 0.28 kg (95% CI, 0.05-0.53; P ¼ 0.02). This was only slightly attenuated by controlling for EI. There was a positive linear trend between the adjusted odds of excess adiposity at age 9 years and quintiles of dietary pattern score at age 5 years (P ¼ 0.03) and age 7 years (P < 0.0001). A child in quintile 5 compared with quintile 1 of the dietary pattern score at age 5 years was 2.52 (95% CI, 1.13-6.08) times more likely to have excess adiposity at age 9 years, and a child in quintile 5 compared with quintile 1 of the dietary pattern score at age 7 years was 4.18 (95% CI, 2.07-9.38) times more likely to have excess adiposity at age 9 years.
The RRR analysis was extended to cover the whole cohort using the food records at ages 7, 10, and 13 years, and the relationship of the resulting dietary patterns with fat mass at ages 11, 13, and 15 years (n ¼ 6772) was assessed. 27 The factor loadings for the food groups on the energy-dense, high-fat, low-fiber dietary patterns at the 3 ages are shown in Figure 2 . At age 7 years, >80% of the variation in the dietary pattern was explained by the top 4 and bottom 6 food factor loadings (see Figure 2 ). This was similar at the other 2 ages. Each child received a dietary pattern z-score representing the degree to which their reported dietary intake reflected this dietary pattern at each age. Linear regression analysis between dietary pattern z-score and FMI z-score was performed. Fully adjusted dietary pattern z-scores at ages 7 years and 10 years were positively associated with later fat mass; however, at age 13 years, full adjustment attenuated the association to the null (see Table 6 ). Most of the attenuation at all ages occurred when maternal education and prepregnancy BMI were included in the adjustment. These results suggest that the relationship between the dietary pattern and FMI becomes weaker with age.
The degree of tracking of this energy-dense, highfat, low-fiber dietary pattern over the 3 ages was assessed using applied dietary pattern scores based on the pattern scores at age 7 years. 28 A tracking coefficient for the dietary pattern was calculated such that a coefficient of 1 indicated perfect tracking and a coefficient of 0 indicated no tracking at all. Tracking coefficients for all food groups were calculated in the same way (see Table 7 ). The overall pattern score tracked more strongly than the individual foods. Furthermore, the foods negatively associated with the dietary pattern tracked more strongly than the positively associated foods (Table 7 ). This suggests that children who have low intakes of these foods by the time they are aged 7 years are likely to continue this pattern. 28 Maternal factors were investigated in analyses adjusted for misreporting status. 28 Decreasing maternal educational attainment was associated with increasing dietary pattern z-score and increasing energy-adjusted food intake z-score of some food groups, such as chocolate/confectionery, crisps, and processed meat. There were associations with decreasing intake of other foods, such as fresh fruit, vegetables, high-fiber breakfast cereals, brown/wholemeal bread, and cakes/biscuits. The relationship of the dietary pattern scores and food intakes with increasing maternal prepregnancy BMI showed fairly similar associations, i.e., positive with dietary pattern z-score, white bread, and processed meat and negative with cakes/biscuits, fresh fruit, and vegetables. These finding suggest that these maternal characteristics are associated with higher scores on a dietary pattern that is related to increased adiposity in children and adolescents.
Child's educational attainment, cognitive development, and behavioral outcomes associated with dietary patterns
The educational attainment of ALSPAC children was assessed nationally at school entry (4-5 y), at key stage 1 (6-7 y) and key stage 2 (10-11 y). Associations with PCA-generated dietary patterns from the FFQs at ages 3, 4, and 7 years were examined (n ¼ 4244). 29 High scores on the junk pattern at age 3 years were consistently related to lower educational attainment at all 3 stages of assessment. The other patterns at age 3 years and all patterns at other ages were not consistently associated with level of educational attainment. However, the b coefficient of the association of the junk pattern at age 3 years with key stage 2 scores was very small (b ¼ À0.027 [SE 0.014]; P < 0.05) compared with that with prior attainment scores (b ¼ 0.687 [SE 0.013]; P < 0.01), suggesting a small but independent role for preschool diet. These results were adjusted for child and Figure 2 Food group factor loadings from reduced rank regression analysis for the "energy-dense, high-fat, low-fiber" dietary pattern at ages 7, 10, and 13 years using food records from the ALSPAC cohort. Reproduced from Ambrosini et al. (2012) 27 with permission.
maternal factors, including breastfeeding and maternal educational attainment.
IQ was measured in the children at age 8 years and assessed in relation to the PCA dietary pattern scores from ages 3 years to 9 years (n ¼ 3966 with complete data). 30 In the fully adjusted model, which took account of the sex and age (at testing) of the child, breastfeeding duration, maternal age and educational attainment, housing tenure, measures of parenting, and all other dietary pattern scores, IQ was negatively associated with the junk pattern score at age 3 years (b ¼ À1.67 IQ points; 95% CI, À2.34 to À1.00; P < 0.0001) and positively associated with the health-conscious/vegetarian pattern score at age 9 years, close to the age of IQ assessment (b ¼ 1.20; 95% CI, 0.52-1.88; P ¼ 0.001). There were no adjusted associations with dietary pattern scores at age 4 years or age 7 years. These results are consistent with the child's educational attainment data (above), which used entirely different methods of assessment applied nationally to all children in state schools. Taken together, the results suggest early diet (preschool) is more important in relation to cognitive development than later diet. This may be linked to the lower intake of micronutrients associated with higher scores on the processed types of dietary patterns. 20 In the children, behavioral problems had been assessed by the SDQ at ages 4 years and 7 years, and scores for hyperactivity, conduct problems, emotional problems, peer problems, and prosocial behavior were obtained. 31 Children with behavioral problems incident between ages 4 years and 7 years were identified and compared with problem-free children (n ¼ 4430). Children with high frequency of behavioral problems before age 4 years were excluded. Incident problems were assessed in relation to the processed dietary pattern scores obtained from PCA using the FFQ when the child was aged 4 years. The only incident behavioral problem consistently associated with the dietary pattern was hyperactivity (odds ratio for hyperactivity if the child was in the highest compared with the lowest tertile for processed dietary pattern score: 1.16; 95% CI, 1.07-1.27; after adjustment for child and maternal factors). Further adjustment for the IQ of the child in a subset of the children did not attenuate this association greatly. 31 A further analysis used the SDQ assessments at ages 7 years and 8 years and investigated incident behavioral problems in relation to the processed dietary pattern consumed by the children at age 7 years (n ¼ 4220). 32 The few associations found in the univariate analysis were completely abolished on controlling for the same factors as above. This analysis also looked separately at added sugar intake and found no adjusted associations. 28 with permission. Table 6 Prospective associations between an energy-dense, high-fat, low-fiber dietary pattern (z-score), and fat mass index (z-score) A long-term effect of this type of diet in mid-childhood on behavior problems is not well supported by these data.
Maternal influences on dietary patterns in childhood
Dietary patterns from PCA using the FFQs in childhood (ages 3-9 y) were investigated in relation to the presence of eating disorders in the mothers to assess whether children of those with eating disorders have a different type of diet from children whose mothers are not affected. 33 During pregnancy, the women with eating disorders had been shown to be more likely not to eat meat (odds ratio, 2.8; 95% CI, 2.1-3.8; P < 0.001) and to have higher average scores on a vegetarian dietary pattern (b ¼ 0.3; 95% CI, 0.2-0.4; P < 0.001) than women without such disorders. 69 Children (n ¼ 9423) were divided according to their mother's history of eating disorders before or during the study pregnancy: anorexia nervosa (n ¼ 140, 1.4%), bulimia nervosa (n ¼ 175, 1.9%), and a combination of the 2 occurring in the same person (n ¼ 71, 0.8%). Children of anorexics and bulimics but not the combined diseases had higher scores on the health-conscious patterns at ages 3, 4, and 7 years and on the health-conscious/vegetarian pattern, which only occurred at age 9 years, than children of women without these disorders. There was some evidence that this was less likely in boys than in girls of anorexic mothers. There were no differences between the groups in the processed pattern scores; however, there was evidence that, overall, the average processed pattern score in children increased with age.
In the younger children, all 3 exposed groups had lower average scores on the traditional patterns compared with the unexposed group. However, these average scores increased with age in the 3 exposed groups and were very similar to, if not higher than, those in the unexposed group by age 9 years. Overall, the data suggest that mothers with eating disorders do feed their children differently from mothers without eating disorders but that these differences become less marked as children grow older, perhaps due to greater outside influences.
DISCUSSION
Similar patterns of eating emerge both in children at each age and in their parents; these have some common features regardless of which method of obtaining dietary patterns is used. Higher consumption of fruit and vegetables, wholegrain bread and breakfast cereal, plain potatoes, and low-fat milk are always associated with better scores on the healthier types of patterns, 12, 15, 24, 27 which tend to have better nutrient profiles. 19, 20 These foods usually have lower scores on less healthy types of patterns, which tend to have poorer nutrient profiles. 19, 20 The less healthy, processed patterns usually include higher consumption of white bread, low-fiber breakfast cereals, fried potatoes (chips), full-fat milk, chocolate/confectionery, and crisps. 12, 15, 24, 27 The processed patterns are often associated with poorer outcomes-e.g., high scores on the junk pattern identified at age 3 years were associated with a poorer nutrient
Box 1 Key findings in brief
• Similar dietary patterns were found in a cohort of children at various ages between 3 years and 13 years and in their mothers and fathers using principal components analysis
• The health-conscious and traditional patterns of diet extracted at all ages were associated with better nutrient profiles than the processed patterns, which tended to be energy-dense and nutrient-poor
• Dietary patterns from cluster analysis grouped the children by foods recorded at ages 7, 10, and 13 years; many of the children continued with the same dietary pattern at each age, with the health-conscious and processed patterns being the most stable
• An "energy-dense, high-fat, low-fiber" dietary pattern was extracted from food recordings at ages 7, 10, and 13 years using reduced rank regression analysis. High scores on this pattern were associated with increasing adiposity between 11 and 15 years in these children
• A major determinant of the dietary patterns extracted from all 3 methods was the amount of fruits and vegetables consumed; the healthier diet patterns contained more fruits and vegetables, whole-grain cereal products, and plain potatoes; the less healthy patterns contained more chocolates/confectionery, white bread, cakes/biscuits, and crisps • Mother's educational attainment was a strong determinant of the dietary patterns extracted using all 3 methods; higher educational attainment was associated with healthier, more nutrient-dense dietary patterns profile 13 and worse cognitive development in midchildhood. 29, 30 The different sources of data (FFQ or food record) provide some different insights into diets consumed during childhood. The food records covered in detail all foods that were consumed over a short period of time, so new patterns, such as the packed lunch pattern, which did not occur in the FFQ analyses, 24 were derived from both the PCA 23 and cluster analysis 25 using the food records. Thus, the availability of different types of food intake data enhanced the degree of understanding of the diet that could be achieved. The other 3 patterns obtained were very similar between the FFQ and food record, as was the case in other studies that have compared the results of PCA using FFQ and food records in the same subjects. 78, 79 Where the PCA and cluster analysis patterns were directly compared using the FFQ at age 7 years, 24 the agreement between the methods was very similar to that found in the Southampton Women's Survey comparing patterns derived by both methods in nonpregnant women. 7 In the Southampton Women's Survey, the prudent diet PCA score was strongly positively related to the healthy cluster, very similar to the relationship between the health-conscious PCA score and the plant-based cluster in ALSPAC children.
There was evidence of tracking of the dietary patterns using all 3 methods of deriving dietary patterns and using both FFQs 16 and food records. 25, 26, 28 Particular insight was gained from the cluster analysis, which, by placing the children into distinct groups, allowed a direct comparison of the same pattern allocated at each age, thus showing that the healthy pattern tracked most strongly, followed by the processed pattern ( Figure 2) . 25 This was confirmed in the RRR, where foods associated negatively with the energy-dense, highfat, low-fiber dietary pattern tracked more strongly than the foods associated positively with the pattern. 28 Both the cluster analysis and the RRR showed that the dietary pattern of the child at age 7 years was a strong determinant of the dietary pattern of the child at ages 10 years and 13 years.
The development of obesity was assessed using the patterns derived from both PCA 23 and RRR. 26, 27 Strong associations were found between increasing scores on the RRR-derived energy-dense, high-fat, low-fiber dietary pattern from ages 7 years to 10 years to 13 years and increasing obesity/adiposity up to age 15 years, measured by FMI. 27 The response variables used had previously been shown to be related to obesity in adults. There was evidence that the pattern score at age 7 years was more strongly predictive of adiposity at age 15 years than scores at later ages. 27 The RRR-derived pattern has many features of the processed patterns identified by the other dietary patterns methods. In particular, low intakes of fruits and vegetables were strongly negatively associated with this pattern (Figure 1) . The same pattern derived from food records collected at ages 5 years and 7 years was shown to be related to adiposity but not to BMI at age 9 years. 26, 68 At age 10 years, the PCAderived health-aware pattern characterized by higher consumption of fruit and vegetables, brown/wholemeal bread, pasta, cheese, and fish and lower consumption of chips, crisps, processed meat, and carbonated drinks was associated with lower fat mass at age 11 years. 23 These data suggest that action to increase young children's intake and liking of fruits and vegetables, as well as whole-grain products, is likely to provide progress in tackling the obesity epidemic and that this action should start before the age of 7 years to be most effective.
Insight into obesity development in children participating in the ALSPAC benefited from the fact that fat and lean mass had been measured using DXA at several ages. This is a much more sensitive method for identifying problematic body composition than the use of BMI definitions of obesity alone. 72, 80 Furthermore, use of a longitudinal design in some of the studies has allowed the gains in fat mass and lean mass associated with the dietary patterns to be assessed, 27 which is a more meaningful tool than using current body composition at each age.
Using all 3 methods, the patterns obtained were highly influenced by the characteristics of the child's mother, particularly her educational attainment, age at the birth of the child, and prepregnancy BMI. Higher maternal educational attainment is associated with high scores on the healthier patterns, 15, 17, 23, 25 and lower maternal educational attainment, age, and higher prepregnancy BMI are associated with higher scores on the less healthy patterns. 15, 25, 28 Family characteristics, such as the number of older or younger siblings in the family, also influence the types of foods consumed by the child. 13, 15, 17, 18, 24 The child's own characteristics, such as being choosy with food, are related to the dietary pattern scores, being associated with lower scores on the healthier patterns and higher scores on the less healthy patterns in the PCA analysis. 17, 18 These insights into the social patterning of diet may help to explain the social patterning of health outcomes. 81 Dietary patterns are associated with the nutrient content of the diet. Higher scores on both the healthy and traditional types of patterns are associated with higher micronutrient content of the diet in both adults and children. 19, 20 In the opposite direction, higher scores on the processed pattern types are associated with higher energy and lower micronutrient content. 19, 20 The data suggest that these processed pattern types can be described as "energy-dense, nutrient-poor" ways of eating. The PCA using the FFQ derived a vegetarian or semi-vegetarian type of pattern in the adults (both women and men), [10] [11] [12] and this pattern was found in the diets of the children at older ages. 16, 17 There was evidence of it as part of the health-conscious pattern at age 9 years, 16 with a recognizably vegetarian pattern described at age 13 years. 17 This pattern did not have a strong relationship with nutrient intakes in either adults or children. 19, 20 High scores were associated with the person reporting being a vegetarian (approximately 5.4% of women, 3.0% of men, and 3.5% of 9-year-olds). There had been some suggestion of an association between high scores on this pattern in mothers during pregnancy and high frequency of anxiety symptoms at the same time 34 . Possible associations of this pattern with anxiety or other similar symptoms in the men or the adolescents has not yet been investigated. There was no evidence of a vegetarian type of pattern being extracted from the food record analysis in the children or adolescents either by PCA or cluster analysis, probably because a 3-day food record does not provide enough information for this type of diet to become apparent.
Although often living in the same family home, male and female partners had slightly different dietary patterns, 12 confirming it is advisable to look at men and women separately when studying diet. There was evidence of differences in dietary pattern scores between males and females as early as midchildhood. 13, 15, 17, 23, 25, 28 From the analyses relating dietary patterns in the children to behavioral and cognitive outcomes, the association of high scores on the junk/processed pattern in preschool children with lower educational attainment 29 and IQ 30 in later childhood were robust to adjustment, but dietary pattern associations with behavioral problems were not. 31, 32 This could be due to the associations of high scores on the processed patterns with less favorable measures of SEB, 13, 15 which are, in turn, associated with worse behavioral and cognitive outcomes, thus possibly confounding the associations.
Some methodological issues associated with dietary patterns analysis have been explored, and these articles have added to the sparse literature in this field. In particular, the investigation into the best stage at which to apply energy adjustment in PCA analyses showed that there is no benefit from adjusting the food group intakes prior to performing the PCA. 21 Careful assessment of the effect of different input variables from food records on the PCA patterns showed that adjusting each food group variable for total energy intake prior to running the PCA has no advantage over using the average weight of each food group consumed unadjusted. 22 However, using binary yes/no variables in a PCA may provide valuable insights, particularly in relation to food choices. 22 The main strength of the ALSPAC is the derivation of dietary patterns at many ages during the childhood of a cohort of children and in their parents, as well as the use of 3 different methods to derive the patterns. Additional strengths are the relatively large sample size, adjustment for confounders, and, in some analyses, physical activity measurement, 23, 27 although the possibility of residual confounding cannot be ruled out. The numbers of subjects involved in these studies are substantially larger than in many of the studies that have been performed previously. Adjustment for physical activity was made using accelerometer data as an objective measurement rather than self-report; however, like dietary measurements, this method may be susceptible to invalid reporting. As with all longitudinal studies of free-living populations, there was loss to follow-up, and it could be argued that any changes seen in overall dietary pattern scores over time were a result of biases in those who were followed up (Table 2) . However, the differences in mean pattern scores are small between time points, particularly those that are close together; therefore, the authors contend that the changes shown are real and not unduly affected by such bias.
PCA and cluster analysis have faced criticism because they are data dependent and the patterns obtained can, therefore, not be directly compared across studies, countries, and cultures. Furthermore, in PCA a number of subjective decisions have to be made during the analytical process, 82, 83 and cluster analysis can be very sensitive to outliers. 6 These 2 methods can give results that complement each other; in these analyses, there were some features that cluster analysis identified but PCA did not, particularly in relation to milk and bread consumption. PCA provides a continuous variable for each subject, and this may be preferable in some types of analyses. However, if using a categorical variable would be more meaningful, cluster analysis may be a better choice. 67 RRR relies on identifying, in advance, variables that are likely to be related to the outcome of interest. In this case, studies of adults had identified such variables in relation to obesity; however, this may not be possible for many other important outcomes.
CONCLUSION
Uniquely in the ALSPAC, dietary patterns were derived using 3 different methods to evaluate the data collected at different ages throughout childhood and in parents in the same cohort. This has led to many insights into how foods are consumed together in a highly developed country in which food stuffs are readily available and relatively cheap. All 3 methods used to derive dietary patterns confirm that fruit, vegetable, and whole-grain intakes define whether a person is likely to be consuming a healthy diet or not. This suggests that public health initiatives that aim to improve fruit, vegetable, and whole-grain intake as part of a balanced diet are important. It is also clear that the differences in dietary patterns are strongly related to social inequality, particularly with regard to the educational attainment of the mother. These differences may well be contributing to the large inequalities in health outcomes seen in the United Kingdom. 81 
